Study objective: Regional, coordinated care for time-sensitive and high-risk medical conditions is a priority in the United States. A necessary precursor to coordinated regional care is regions that are actionable from clinical and policy standpoints. The Dartmouth Atlas of Health Care, the major health care referral construct in the United States, uses regions that cross state and county boundaries, limiting fiscal or political ownership by key governmental stakeholders in positions to create incentive and regulate regional care coordination. Our objective is to develop and evaluate referral regions that define care patterns for patients with acute myocardial infraction, acute stroke, or trauma, yet also preserve essential political boundaries.
INTRODUCTION
Regionalized care is a system-level public health strategy in which patients are routed to specific hospitals according to diagnosis, illness severity, and hospital capability.
1,2 For time-sensitive conditions such as acute myocardial infarction, 3, 4 acute stroke, 5 and major trauma, 6, 7 regionalization has the potential to save lives by concentrating complex care in high-volume, high-quality centers. More than 10 years ago, a National Academy of Medicine report endorsed coordinated, regional, accountable systems as an approach to improve health care quality for severe acute conditions related to trauma and emergency care. 8 Despite this recommendation, implementation efforts face barriers, including a lack of accountable geographic referral regions to organize or evaluate these systems of care.
The Dartmouth Atlas of Health Care, a set of geographic regions based on Medicare and Medicaid hospital discharge claims, is used epidemiologically for comparing the cost, 9 quality, 10 and consumption [11] [12] [13] of health care in different parts of the country. Unfortunately, the hospital referral regions of the Dartmouth Atlas are not actionable from either fiscal or political standpoints, with almost all regions crossing county and state borders, 14 and therefore lack accountability. Consequently, Dartmouth Atlas regions do not engender ownership, do not have clear stakeholders, and are not well suited for organizing or evaluating regionalized care.
We sought to develop actionable referral regions for 3 time-sensitive acute care emergencies-acute myocardial infarction, acute stroke, and trauma-and then compare these regions with the Dartmouth Atlas. We hypothesized 
What is already known on this topic
To improve the quality of emergency and trauma care provided in the United States, we need a regional system.
What question this study addressed
The authors used 2011 Medicare fee-for-service inpatient claims for 3 time-sensitive conditions to identify distinct geographic regions based on where the majority of residents in each county received their care and the preservation of county and state boundaries.
What this study adds to our knowledge The Pittsburgh Atlas consists of 326 emergency and trauma referral regions for emergency and trauma care that uphold political boundaries.
How this is relevant to clinical practice
The Pittsburgh Atlas provides a framework for the development of an integrated and coordinated emergency and trauma care system in the United States.
that a set of accountable referral regions for time-sensitive medical emergencies could be developed with an iterative data-driven spatial algorithm.
MATERIALS AND METHODS Data Collection and Processing and Selection of Participants
We performed a geospatial analysis using data from the Medicare Provider Analysis and Review (MedPAR) file from 2011. MedPAR contains inpatient hospital records for all fee-for-service Medicare beneficiaries. We identified patients with acute myocardial infarction, acute stroke, and trauma, using previously validated International Classification of Diseases, Ninth Revision, Clinical Modification codes (see Appendix E1, available online at http://www.annemergmed.com). [15] [16] [17] We chose these conditions because they are time-sensitive acute care emergencies that require coordination between out-ofhospital providers, emergency departments, specialist teams, and special hospital resources. These conditions are also subject to ongoing regionalization efforts in which patients are transported to specific centers according to patient condition and hospital capabilities. We elected to pool all 3 conditions, rather than create separate referral regions for each condition, because condition-specific referral regions would be more difficult to implement and would emphasize silos of care delivery rather than coordination. To construct regions, we used maps of US ZIP codes, counties, and state boundaries for 2011, obtained from the United States Census Bureau, 18 and a map of Dartmouth Atlas hospital referral regions 14 for comparison.
Details about the development of candidate sets of referral regions are provided in Appendix E1, available online at http://www.annemergmed.com. Briefly, we developed candidate sets of referral regions by aggregating counties in the United States, using patient home locations and treating hospital locations. We used counties as unit of aggregation because they are accountable political and fiscal units (unlike individual or groups of ZIP codes), and they frequently coordinate local public health activities. The process involved 3 sequential steps. First, we calculated the frequency and location of hospital referrals (ie, where patients were treated) for each residential county (ie, where patients live) in the United States. Second, we joined each residential county to the most frequent hospital referral county, allowing for multiple residential counties to join to a single hospital referral county. Third, in accordance with a decreasing threshold of relatedness, we combined the aggregated groups of counties from the second step. This process resulted in progressively smaller overall numbers of referral regions. We performed these steps twice: with and without a restriction that regions could cross state lines. This process resulted in 6 total candidate sets of regions.
Primary Data Analysis
We compared our 6 candidate sets of regions to one another and the Dartmouth Atlas Hospital Referral Regions, using a conceptual framework, which holds that useful hospital referral regions should delineate where patients live and receive their health care, and that valid hospital referral regions should foster collaboration between hospitals, physician organizations, and public health agencies. 8 To evaluate the potential utility of each set of regions and the Dartmouth Atlas, we used separate measures of accountability and accuracy. For a region to engender accountability from stakeholders, it should not intersect political boundaries because this creates fragmented constituencies with potentially unclaimed political ownership. As a fundamental construct, a region must also accurately define where patients live and receive care.
To assess accountability, we summarized the number of referral regions that intersected county or state boundaries for each set of referral region builds and for the Dartmouth Atlas.
To assess accuracy, we evaluated each set of referral region builds using 3 spatial statistics measures: localization index, market share index, and net patient flow ( Figure 1 ). The localization index is the percentage of total patients living in a region who are also treated in that region. The market share index is the percentage of patients treated in a region who live in another region. The net patient flow is the ratio of patients who are treated in the current region and live in another region to patients who live in the current region but receive care in another region. A highly accurate set of regions would have high localization indices, low market share indices, and net patient flows close to 1. We performed these calculations at the region level both overall and for each time-sensitive emergency separately. We performed quantile regression testing to compare the median accuracy between the Pittsburgh Atlas and the Dartmouth Atlas. We reported magnitude differences and 95% confidence intervals.
From the 6 candidate sets of regions, we selected the best build based on location accuracy, political boundary preservation, and infrastructure. Then, in a final step, we evaluated the selected build for sparsely populated regions, and then aggregated those regions with adjacent referral regions, based on a distance-location rule. The completion of the selection process resulted in a final set of acute care referral regions, designated the Pittsburgh Atlas.
We did not prespecify a target number of referral regions for the final Pittsburgh Atlas. We expected that creating actionable regions could require a trade-off between epidemiologic accuracy and actionable political utility.
We performed one common application of referral regions through an accessibility analysis. This type of analysis is used to highlight geographic gaps in access, a particularly important application for time-sensitive emergencies.
We identified individual referral regions that did not have referral centers, for both the Pittsburgh Atlas and the Dartmouth Atlas. We defined potential referral centers as high-volume hospitals, using 2011 MedPAR discharge volume for acute myocardial infarction and acute stroke, and as Level I or Level II trauma centers, using the American College of Surgeons hospital designations. We calculated thresholds for acute myocardial infarction 19 and acute stroke 20 based on reported volume-outcome relationships, adjusted for the age mix of patients included in MedPAR. We classified hospitals as high volume for acute myocardial infarction if they reported greater than 109 annual cases and high volume for acute stroke if they reported more than 198 annual cases. We compared the frequencies of regions without candidate referral centers between the Pittsburgh Atlas and the Dartmouth Atlas by using c 2 statistics. We reported the magnitude of difference and 95% confidence intervals.
The University of Pittsburgh Institutional Review Board classified this study as having exempt status. 
RESULTS
We identified and geographically located 730,708 total patients from 2011 MedPAR records: 311,997 with acute myocardial infarction, 316,109 with acute stroke, and 106,797 with moderate or major trauma (Table 1) . There were 4,195 patients with more than one reference condition. Using these patient records, we successfully built 6 sets of candidate acute care referral regions, using an iterative spatial algorithm (Table E1A and B, available online at http://www.annemergmed.com). From these candidate region sets, we selected the best-performing set (see Appendix E1, available online at http://www. annemergmed.com) and then further improved it to account for sparsely populated areas and spatial contiguousness. After we performed these steps, the final region build had 326 regions. We designated this set of regions the Pittsburgh Atlas.
Pittsburgh Atlas referral regions did not cross any state or county borders ( Figure 2 and Table E2 , available online at http://www.annemergmed.com), whereas 132 (43.1%) of the Dartmouth Atlas hospital referral regions crossed state borders and 302 (98.7%) crossed county boundaries.
Both the Pittsburgh Atlas and Dartmouth Atlas had good overall spatial accuracy, as measured by localization index (83.6% and 85.6%), market share index (14.3% and 13.4%), and net patient flow (0.88 and 0.97) ( Table 2) . Localization accuracy was statistically higher for the Dartmouth Atlas overall and for stroke, although the magnitude of difference was small (1.9% overall and 2.1% for stroke). Results were generally similar for each separate time-sensitive condition comparison.
The Pittsburgh Atlas identified more individual regions without a high-volume acute myocardial infarction hospital (6.4% versus 2.0%), high-volume stroke hospital (51.5% versus 40.9%), and a Level I or II trauma center (41.1% versus 27.1%) compared with the Dartmouth Atlas ( Table 3 ). The Pittsburgh Atlas also identified larger potentially at-risk populations for acute myocardial infarction (3, The Pittsburgh Atlas referral regions are available for download as a geographic information system shapefile or crosswalk from http://ccm.pitt.edu/files/pittsburgh_atlas. zip.
LIMITATIONS
Our analysis has several limitations. First, we used feefor-service Medicare to develop the acute care referral regions. Although this is the largest collective source of discharges for acute myocardial infarction, acute stroke, and major trauma in the United States, the database is primarily limited to patients aged 65 years and older, and therefore may not represent referral patterns for all patients. However, because acute care for these conditions is frequently initiated in the out-of-hospital setting and routed by emergency providers, 21 we do not expect that patterns of referral would vary substantially for younger and non-Medicare-insured patients. Second, we developed the regions by using data from 2011. In the intercurrent years, referral patterns may have changed. We propose a process in which the Pittsburgh Atlas would be updated at regular intervals, possibly every 4 to 5 years. This consideration was a part of our final spatial algorithm, which stressed mechanistic simplicity over black-box calculations or more complex aggregation rules. Third, our nontrauma definition of referral center was based on annual discharge volumes for acute myocardial infarction and acute stroke rather than absolute quality. Although we expect that there are many high-performing low-volume hospitals in the United States, we intentionally used a simple definition of high-volume center for these conditions to highlight variation across regions. 
DISCUSSION
Using national Medicare hospitalizations for acute myocardial infarction, acute stroke, and major trauma, we successfully developed and evaluated novel referral regions for acute care in the United States. The Pittsburgh Atlas preserved state and county boundaries and performed similarly to the Dartmouth Atlas in terms of location accuracy. Calls for regionalized care of time-sensitive emergencies consistently state the importance of approaches that foster local health department collaborations, 22 a core component that cannot be attained with collections of fragmented counties and states. Relatedly, these systems must be designed with accountable regional performance measures in mind-again, a feature that is not possible when referral regions extensively cross state and county lines. Last, the Pittsburgh Atlas, although developed with advanced geospatial tools, is itself quite simple: it is a collection of groups of counties where people live and receive their care for 3 representative time-sensitive medical conditions. The Pittsburgh Atlas therefore succeeds in being usable, meaningful, and understandable.
The Pittsburgh Atlas conceptually builds on an existing local public health organization at the county level, which has defined constituencies and can be held accountable for quality through in-place fiscal and policy levers. Relatedly, these regions are capable of performance improvement, linking measures of quality with efforts to improve outcomes. It is through these complementary mechanisms (ie, having regions that are accountable and regions that can engage in performance improvement based on quality measures) that the Pittsburgh Atlas represents a substantial advancement over the Dartmouth Atlas and a direct response to calls for accountable geographic regions from the National Quality Forum 22 and the National Academy of Sciences. 8 We were surprised that our regions had spatial accuracy similar to that of the Dartmouth Atlas because we expected there would be a greater trade-off from our applied geographic constraints. 22 highlighted the importance of region-level performance measures that "promot[e] timely care for all patients at the population-level, ensuring that patients with time-critical illness receive the highest quality care, and holding hospitals accountable for system-wide performance during a disaster. Holding both hospitals and regions accountable for acute care quality, population health, and emergency management through performance measurement is vital to promoting the cooperation necessary to achieve these goals." There is precedent for quality measures that hold hospitals accountable for outcomes such as readmission or 30-day mortality, which created incentives for cooperation between facilities and between providers at different stages along the acute care continuum. Geographic regions with shared hospital accountability should promote efforts to coordinate care, move us away from fragmented delivery systems, and improve population outcomes. Strategically defined referral regions that maintain county-level public health structures will facilitate improved outcomes through population health measurement, innovation, and delivery.
The Pittsburgh Atlas has specific relevance for states as well. Recently proposed changes in health care policy at the national level could significantly increase the role of states in providing and evaluating the quality of health care. 24 One example of this shift may be through a block grant system for Medicaid payments. States would have more flexibility in determining who qualifies for Medicaid and what services are provided, with coverage and benefits varying from state to state. To the degree that coverage for emergency medical services might vary across states, it is essential that the unit of evaluation for regional care coordination align with state boundaries rather than cross them. Our analysis also shows that there are many areas of the country without a high-volume referral center for timesensitive medical conditions, suggesting an important quality gap. Whereas previous work used the hospital as the starting point for measures of geographic access, [24] [25] [26] [27] [28] our approach offers a complementary alternative perspective, based on patterns of where patients actually seek care (rather than developed from estimates of coverage based on the drive time to a hospital). A more constrained definition that included hospital services and capacity would have likely reduced the number of referral centers even farther. Similarly, the percentage of regions without a Level I or II trauma center was also high, at 41%. Future work should use referral regions to evaluate outcomes as they relate to the presence of referral centers, the organization of hospitals within regions, and measures of region-level market competition. Pittsburgh Atlas referral regions not only facilitate the answer to these and other questions but also provide actionable targets where quality differences are identified.
Using a novel approach, we developed the Pittsburgh Atlas, a set of referral regions for 3 time-sensitive acute care condition in the United States. We developed the atlas with the intention of producing geographic areas with logical stakeholders. The regions have both local fiscal and political relevance, essential components of regions that can be held accountable for quality. Additionally, Pittsburgh Atlas referral regions are logical targets of performance improvement efforts based on quality measures. The regions are an important tool for evaluating the effects of health care policy on regional public health, and will help identify preferred organizational strategies for acute care conditions.
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